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LQELRORJLFDODFWLYLW\GRHVQRWDOZD\V LQGLFDWH WKDWELRORJLFDODFWLYLWLHVDUHFRPSOHWHDQGWKHUHPD\EHRWKHUIDFWRUV
LQIOXHQFLQJWKLVDFWLYLW\>@,QDGGLWLRQELRGHJUDGDEOHZDVWHLVFKDUDFWHUL]HGE\VPDOOHUSDUWLFOHVL]HWKDQWKDWRIRWKHU
PDWHULDOV JODVV SODVWLFV UXEEHU HWF ODQGILOOHG 3DUWLFOH VL]H LV DQ LPSRUWDQW FKDUDFWHULVWLF WKDW LPSDFWV WKHZDWHU
SHUPHDELOLW\ZLWKLQWKHODQGILOOVWUXFWXUHWKXVGHWHUPLQLQJWKHDPRXQWDQGFRPSRVLWLRQRIOHDFKDWHIRUPHG)XUWKHUPRUH
WKHSDUWLFOHVL]HFDQSRWHQWLDOO\FDXVHFORJJLQJLQWRGUDLQDJHOD\HUVDQGSLSLQJV\VWHPRIOHDFKDWHFROOHFWLRQ/HDFKDWH
PDQDJHPHQWLVDQLQWHJUDOSDUWRIPRGHUQVDQLWDU\ODQGILOOVDQGFRQVWLWXWHVDFRQVLGHUDEOHVKDUHRIODQGILOORSHUDWLRQ
FRVWV7KHUHIRUHLWLVLPSRUWDQWWRXQGHUVWDQGWKHOHDFKDWHIRUPDWLRQSURFHVVHV
7KH SDUWLFOH VL]H GLVWULEXWLRQ GHWHUPLQHV WKH VXLWDELOLW\ RIZDVWH IRU VSHFLILFPHFKDQLFDO WUHDWPHQW DQG VRUWLQJ
PHWKRGV )XUWKHUPRUH DFFRUGLQJ WR %LOLWHZVNL HW DO  >@ WKHZDVWH W\SH UHSUHVHQWHG LQ HDFK SDUWLFOHVL]H
FDWHJRU\VKRXOGGHWHUPLQHWKHGHYHORSPHQWRIHDFKSURFHVVWHFKQRORJ\IRUUHDFKLQJPD[LPXPPDWHULDOUHFRYHU\ZLWK
PLQLPXPFRQWDPLQDWLRQOHYHOV7KHSDUWLFOHVL]HGLVWULEXWLRQLVDOVRXVHGIRUDVVHVVLQJSHUPHDELOLW\FRPSUHVVLELOLW\
DQGRWKHUPHFKDQLFDOSURSHUWLHVRIZDVWH>@6HYHUDOPHWKRGVH[LVWIRUGHWHUPLQLQJWKHSDUWLFOHVL]HHJGU\DQGZHW
VLHYLQJ5HJDUGOHVVRIWKHVHOHFWHGPHWKRGWKHSDUWLFOHVL]HLVGHWHUPLQHGE\VLHYLQJWKHZDVWHPDVVWKURXJKDVHULHV
RIVWDQGDUGVLHYHVDQGZHLJKLQJWKHPDWHULDOUHWDLQHGLQHDFKVLHYH7KHQWKHFXPXODWLYHSHUFHQWDJHRIZHLJKWSDVVLQJ
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7FKREDQRJORXVHWDO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>@VKRZWKDWW\SLFDOFRPSRQHQWVL]HRIPRVWPDWHULDOIUDFWLRQVLQUHVLGXDOZDVWHLVLQ
WKH UDQJHRI WRPP7KH VL]HRI IRRGZDVWH W\SLFDOO\GRHVQRW H[FHHGPP7KH H[SHULPHQWDO UHVXOWV
SUHVHQWHGE\*RPHVHWDO >@ LQGLFDWH WKDWDJHLQJRIZDVWHLQFOXGLQJGHJUDGDWLRQDQGVWDELOL]DWLRQRIELR
ZDVWHOHDGVWRDGHFUHDVHLQSDUWLFOHVL]HDVWKHUHODWLYHTXDQWLW\RIPLQHUDODQGQRQLGHQWLILDEOHFRPSRQHQWVLQFUHDVHV
,QWKHLUH[SHULPHQWV*RPHVHWDO>@XVHGZDVWHH[FDYDWHGIURPGLIIHUHQWGHSWKVRIDODQGILOO7KH\IRXQGWKDW
XSWRRIWKHH[FDYDWHGZDVWHZDVLQWKHSDUWLFOHVL]HUDQJHRIWRPP
,Q WKLV VWXG\ WKHK\GUDXOLFSHUPHDELOLW\ RIZDVWH LQ D ODQGILOO RU LQ RWKHUZRUGVZDWHU ILOWUDWLRQ WKURXJK WKH
GLVSRVHGZDVWHPDVVGHSHQGLQJRQWKHSDUWLFOHVL]HGLVWULEXWLRQRIWKHZDVWHGLVSRVHGZDVGHWHUPLQHG7KHSDSHU
SUHVHQWVWKHUHVXOWVRIWKHSDUWLFOHVL]HGLVWULEXWLRQDQGSHUPHDELOLW\WHVWVFRQGXFWHGE\XVLQJZDVWHH[FDYDWHGIURPD
ODQGILOOLQ/LWKXDQLD,Q/LWKXDQLDZDVWHVRUWLQJLVUHODWLYHO\EDVLFLQFRPSDULVRQWRPRUHDGYDQFHGWHFKQLTXHVXVHG
LQ:HVWHUQ(XURSHDQFRXQWULHV>@7KHUHIRUHLQ/LWKXDQLDQODQGILOOVDKLJKIUDFWLRQRIELRGHJUDGDEOHZDVWHLV
SUHVHQW6HYHUDOH[SHULPHQWVKDYHEHHQFRQGXFWHGLQ/LWKXDQLDGHWHUPLQLQJWKHFKHPLFDOFRPSRVLWLRQRIOHDFKDWHRU
FORJJLQJ>@<HWWKLVLVWKHILUVWVWXG\ZKHUHWKHSK\VLFDOSDUDPHWHUVRIZDVWHWKDWGHWHUPLQHWKHOHDFKDWHIRUPDWLRQ
DUHDVVHVVHG
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06:ODQGILOO
DQGDQDO\]HWKHSDUWLFOHVL]HGLVWULEXWLRQDQGZDWHUSHUPHDELOLW\WKURXJKWKHZDVWH:DVWHVDPSOHVZHUHWDNHQLQWKH
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5HSUHVHQWDWLYHNJVDPSOHVZHUHXVHGWRGHWHUPLQHWKH06:FRPSRVLWLRQDQGPRLVWXUHFRQWHQWDWWKHGLIIHUHQW
GHSWKVRIWKHVLWH7KH06:ZHUHVRUWHGLQWRGLIIHUHQWFRPSRQHQWVPDWHULDOV±SODVWLFVWH[WLOHVJODVVDQGFHUDPLFV
UXEEHUVWRQHDQGGXVWSDSHUZRRGDQGELRGHJUDGDEOHZDVWH$IWHUVRUWLQJDOOIUDFWLRQVZHUHZHLJKHGWRGHWHUPLQH
WKH IUDFWLRQ ZHLJKW EHIRUH GU\LQJ 7KH PRLVWXUH FRQWHQW RI HDFK IUDFWLRQ ZDV GHWHUPLQHG E\ RYHQGU\LQJ DW D
WHPSHUDWXUHRI&XQWLODFRQVWDQWPDVVZDVDFKLHYHGIRUDPLQLPXPRIPLQGRQHDFFRUGLQJWR/67&(1
>@$IWHUGU\LQJDOOIUDFWLRQVZHUHZHLJKHGDJDLQWRGHWHUPLQHPRLVWXUHORVV
)RUGHWHUPLQLQJWKHSDUWLFOHVL]HGLVWULEXWLRQLQWKHGLVSRVHG06:DQGZDWHUSHUPHDELOLW\WKURXJKWKHZDVWHPDVV
WKHVDPSOHIURPPGHSWKZDVVLHYHGE\DJHQWOHPHFKDQLFDOVKDNLQJIRUPLQXWHVWKURXJKDVWDFNRIVLHYHVLQWR
VHYHQGLIIHUHQWVL]HIUDFWLRQVPP±PP±PP±PP±PP±PPDQGPP
$IWHUFRPSOHWLQJWKHSDUWLFOHVL]HGLVWULEXWLRQWHVWVWKHZDWHUSHUPHDELOLW\H[SHULPHQWVZHUHFRQGXFWHG2UJDQLF
JODVVFROXPQVG FPK FPZHUHILOOHGZLWK06:RIGLIIHUHQWVL]HIUDFWLRQV$IWHUILOOLQJWKHFROXPQVWKH
06:ZHUHFRPSUHVVHGDQGZDWHUDGGHG7KHDGGHGZDWHUZDVDOORZHGWRDEVRUELQWRWKHZDVWHPDVVE\OHDYLQJWKH
FROXPQVXQWRXFKHGIRUVHYHUDOGD\V)LQDOO\WKHZDWHUIORZPHDVXUHPHQWVWKURXJKWKHZDVWHPDVVZHUHFRQGXFWHG
DFFRUGLQJWR/67&(1>@7KHWHPSHUDWXUHGXULQJWKHH[SHULPHQWZDVNHSWDW&
5HVXOWVDQGGLVFXVVLRQ
)LJXUHDVKRZVWKHUHVXOWVRI06:FRPSRVLWLRQDQDO\VLV,WFDQEHVHHQWKDWELRGHJUDGDEOHZDVWHFRQVWLWXWHVXS
WRRIDOOZDVWHPDVVGLVSRVHG$KLJKVKDUHRISODVWLFDQGWH[WLOHPDWHULDOVLVDOVRSUHVHQWLQWKHGLVSRVHGZDVWH
PDVV2WKHUFRPSRQHQWVFRQVWLWXWHOHVVWKDQRIWKH06:GLVSRVHG7KHKLJKHVWIUDFWLRQRIELRGHJUDGDEOHZDVWH
LVSUHVHQWLQWKHPRVWUHFHQWO\GLVSRVHGZDVWHVDPSOHWDNHQIURPPGHSWKDQGLWGHFUHDVHVZLWKGHSWK7KDWFDQ
EHH[SODLQHGE\QDWXUDOGHJUDGDWLRQSURFHVVHVDVZDVWHORFDWHGGHHSHULQWKHODQGILOOKDYHKDGWKHORQJHVWVWRUDJHDQG
GHJUDGDWLRQWLPH7KHREWDLQHGUHVXOWVUHSUHVHQWWKHVSHFLILFVDPSOHVRQO\DQGDUHQHFHVVDU\WRHYDOXDWHWKHZDWHU
SHUPHDELOLW\WKURXJKWKHZDVWHPDVV,QRUGHUWRREWDLQPRUHJHQHUDOFRPSRVLWLRQRIWKHZDVWHODQGILOOHGWKHWRWDO
QXPEHURIVDPSOHVWDNHQIURPHDFKGHSWKVKRXOGEHLQFUHDVHG
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)LJD6KDUHRIYDULRXVFRPSRQHQWVLQWKH06:VDPSOHVE0RLVWXUHFRQWHQWRI06:VDPSOHVDQGWKHLUFRPSRQHQWV
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7KHUHVXOWVRIPRLVWXUHFRQWHQWWHVWVVHH)LJELQGLFDWHWKDWELRGHJUDGDEOHZDVWHFRQWDLQVWKHKLJKHVWIUDFWLRQ
RIZDWHU±<HWDOVRSODVWLFVWH[WLOHZRRGDQGUXEEHUFRQWDLQXSWRRIPRLVWXUHGXHWRWKHLUSURSHUW\
WRDEVRUEZDWHU2YHUDOOWKHDYHUDJHPRLVWXUHFRQWHQWRIVDPSOHVZDVEHWZHHQDQGZKLFKLVFRQVLGHUHG
DVORZ$IWHUODQGILOOLQJWKHZDWHUFRQWHQWRIWKHZDVWHPD\LQFUHDVHWKURXJKWKHDGVRUSWLRQRIZDWHUE\FRPSRQHQWV
VXFKDVSDSHUFDUGERDUGDQGWH[WLOHV>@*RPHVDQG/RSHV>@VKRZHGWKDWPRLVWXUHFRQWHQWLQFUHDVHVGRZQ
WRDURXQGPGHSWKDQGWKHQVWDELOL]HVRUHYHQGHFUHDVHVDWJUHDWHUGHSWKV7KH\DOVRIRXQGWKDWPRLVWXUHFRQWHQW
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&RQFOXVLRQ
7KHZDWHUSHUPHDELOLW\WKURXJKH[FDYDWHGPXQLFLSDOVROLGZDVWHGHSHQGLQJRQLWVSDUWLFOHVL]HGLVWULEXWLRQZDV
DVVHVVHGH[SHULPHQWDOO\LQWKLVVWXG\7KHUHVXOWVLQGLFDWHDQLQFUHDVHRISHUPHDELOLW\UDWHZLWKLQFUHDVHRIPDWHULDOV¶
SDUWLFOHVL]H,WLVLPSRUWDQWWRXQGHUVWDQGWKHK\GURORJ\RIDODQGILOOVLWHDVLWDIIHFWVVXVWDLQDELOLW\RIODQGILOOOHDFKDWH
PDQDJHPHQWV\VWHP7KHUHIRUHIXUWKHUVWXGLHVVKRXOGIRFXVRQGHHSHUXQGHUVWDQGLQJRISK\VLFDOIDFWRUVLQIOXHQFLQJ
WKHZDWHUSHUPHDELOLW\)RUHQKDQFHGODQGILOORSHUDWLRQDQGOHDFKDWHPDQDJHPHQWDPRGHOLQJWRROFRXOGEHGHYHORSHG
WKDWZRXOGVLPXODWHZDWHUSHUPHDELOLW\DQGOHDFKDWHIRUPDWLRQ
5HIHUHQFHV
>@ 3HSSHU,/*HUED&3*HQWU\7-0DLHU50(QYLURQPHQWDO0LFURELRORJ\/RQGRQ$FDGHPLF3UHVV
>@ /DJHUNYLVW / (FNH + &KULVWHQVHQ 7+ :DVWH FKDUDFWHUL]DWLRQ DSSURDFKHV DQG PHWKRGV 6ROLG ZDVWH WHFKQRORJ\ DQG PDQDJHPHQW
&KULVWHQVHQ7+(G&KLFKHVWHU:LOH\
>@ 3RZULH:%HDYHQ53+\GUDXOLFSURSHUWLHVRIKRXVHKROGZDVWHDQGLPSOLFDWLRQVIRUODQGILOOV3,&LYLO(QJ*HRWHF ±
>@ 'L[RQ 1 /DQJHU 8 'HYHORSPHQW RI D 06: FODVVLILFDWLRQ V\VWHP IRU WKH HYDOXDWLRQ RI PHFKDQLFDO SURSHUWLHV :DVWH 0DQDJH
±
>@ 9HONXVKDQRYD.&DLFHGR'5LFKDUG'3RZULH:$GHWDLOHG FKDUDFWHUL]DWLRQRI DQ0%7ZDVWH3URFHHGLQJV6DUGLQLD 7ZHOIWK
,QWHUQDWLRQDO:DVWH0DQDJHPHQWDQG/DQGILOO6\PSRVLXP
>@ %DLUG-+XWWRQ06DYDJH$/+LSNLQ$&UX]30DF/HRG,3UHSDULQJQHZJURXQG+RZWRSXWVWDELOL]HGELRZDVWHWRSURSHUXVHLQODQGILOO
UHVWRUDWLRQ:DVWH0DQDJHPHQW:RUOG
>@ %LOLWHZVNL%+DUGWOH*0DUHN.:HLVVEDFK$%RHGGLFNHU+:DVWH0DQDJHPHQW866SULQJHU
>@ 7FKREDQRJORXV*7KHLVHQ+9LJLO6,QWHJUDWHG6ROLG:DVWH0DQDJHPHQW±(QJLQHHULQJSULQFLSOHVDQGPDQDJHPHQWLVVXHV1HZ<RUN
0F*UDZ+LOO
>@ *RPHV&/RSHV0/2OLYHLUD3-0XQLFLSDOVROLGZDVWHVKHDUVWUHQJWKSDUDPHWHUVGHILQHGWKURXJKODERUDWRULDODQGLQVLWXWHVW-$LU:DVWH
0DQDJ$VVRF±
>@'DFH(%OXPEHUJD'.XSODLV*%R]NR/.KDEGXOOLQD=.KDEGXOOLQ$2SWLPL]DWLRQRIODQGILOO*DV8VHLQ0XQLFLSDO6ROLG:DVWH/DQGILOOV
LQ/DWYLD(QHUJ\3URFHGLD±
>@0L+\XQ -%\XQJ-LQ/ -DL<RXQJ/(IIHFWRI0RGLILHG0HFKDQLFDO7UHDWPHQW)DFLOLWLHVRQ65)<LHOG LQ.RUHD(QYLURQPHQWDO DQG
&OLPDWHWHFKQRORJLHV
>@%D]LHQơ . 9DVDUHYLþLXV 6 6LGGLTXL $$ &ORJJLQJ WHVW RI ODQGILOO OHDFKDWH GUDLQDJH XVLQJ GLIIHUHQW ILOOHUV - (QYLURQ (QJ /DQGVF
±
>@/67&(176&KDUDFWHUL]DWLRQRIZDVWH6DPSOLQJRIZDVWHPDWHULDOV3DUW*XLGDQFHRQVHOHFWLRQDQGDSSOLFDWLRQRIFULWHULD
IRUVDPSOLQJXQGHUYDULRXVFRQGLWLRQV
>@/67&(176±6RLOTXDOLW\/HDFKLQJSURFHGXUHVIRUVXEVHTXHQWFKHPLFDODQGHFRWR[LFRORJLFDOWHVWLQJRIVRLODQGVRLOPDWHULDOV
3DUW8SIORZSHUFRODWLRQWHVW
>@*RPHV&&/RSHV0'H&&KDUDFWHULVDWLRQRIPXQLFLSDOVROLGZDVWHSK\VLFDOSURSHUWLHVDQGWKHLUHYROXWLRQZLWKDJH3,&LYLO(QJ*HRWHF
±






